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[0019] MIB i fl&Sratefci-SfcftK:, »9!©J|*l©IMatfcJ:S^ 

mmmm (2) _hfc«a*7-i4 m m^Lx^^^ £u?#F«Ht*$tris 

ttS(5)<t x 
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[0023] SulSa^^jg^-rafc^^, *38W©*5©|»«fc:j;Sfc, 

SulEmi^>SCHji«^CD/i(4a, 4b, 4c, •■•4N)a»kfr5^JB#j&«r£'3K 
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tySHmi^SCHJi^^m2^SCHM^«^t-5^^^Ml5^<DetC^^ 
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^^ffi^^tL^ttnl, n2, n3, nN&mi, t2, t3, tNtUtt^ m 
ns>nl>n2>n3>, >nN>na>nb 

^SS^l^SCH®S^2^SCHM^^i-5^^tL^Ml5^^^}C*3^ 

ns-nl=nl-n2=n2-n3 = , =nN-nb 
({&U nN-nb>nN-na) 

tl<t2<t3<, <tN 

J?t»mmz*tl?tinl, n2, n3, nNfttftl. t2. t3, tN£U 
Mf2|g2c?SCH/i^^^ 
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ns>nl>n2>n3>, nN>na>nb 

ns-nl>nl-n2>n2-n3>, >nN-nb>nN-na 
tl<t2<t3<, <tN 

^^^hmm^tl^tlnl, n2, n3, nNS^tl, t2, t3, •-, tNtU 
Jfti^mm^fr^tinl, n2, n3, nN&tftl, t2, t3, tNtVtzt^, m 
tl = t2=t3 = , =tN 

ns>nl>n2>n3>, >nN>nb 
na>nN 
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ns-nl>nl-n2>n2-n3>, >n(N-l)- n N 

ifiV^^HB^JC^tt^nl, n2, n3, nNXtftl, t2, t3, tN*U 
^^IfR^^tL^nl, n2, n3, nN^t>'tl, t2, t3, tNt^tckf*. tt 

ns>nl>n2>n3>, >nN>nb 
na>nN 

ns-nl=nl-n2=n2-n3 = , =nN-nb 
tl<t2<t3<, < t N 

ffiV^bffift^^nnl, n2, n3, nNSt^tl, t2, t3, tNtU 
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jjfrbmik^tl*:tlnl, n2, n3, nNSt/tl, t2, t3, tN£Lfc££\ M 

ns>nl>n2>n3>, nN>nb 

to 

na>nN 

mmmi(DscumRxim2(DscHm^m^^tb^ti(Dmmmm(Dm^n 

ns-nl>nl-n2>n2-n3>, >n(N-l)-nN 
tl<t2<t3<, <tN 

[0025] mm3&)*mj&-fttz>\^ ^m<Dmiz(Dmm\z^t, 

mmnm^ym, mmmcoscHm, mmmvtm. mmm2(DscHmRum 

mmmi(Dm^m U6) ^m^mvxwm^thtcnminP^(b^m2(Dm^m a 
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[ooso] ±§5 @ ttzmtit-rttib^ ^mm<Dmi9(omm^n^ mm*mitmm*p 



WO 2005/088791 



10 



PCT/JP2005/004556 



[0031] HX±(DXo^mm(D^mWl—^KXtli^ nm^yVmWZln, Ga, As, P 
<D4ji.mtf$\rT~Ml&U nm?Z?ym(3)<D®.J&mM*0. 96-0. 98 /z m, J.of£ 

'f±s(5)^it.M^7-i4/zm^bTv^oT% mmm^m^-h^mwv^^ mm 
[0032] xmrn^m^—? K*frt£* ftmm6<Dtt*i'i'X*T~s<%m& 

[0033] raiMifi, ^m^mimmmmim^m^-^mmm^^-t^mm 

[IIl4]l34te % Jl^ji^ 

5, nffllJ^7yKS^V^InGaAsPO«a^j&SlJ:>tti--5. fltifcifc*- KS*HJBEt?# 
5ft *<£>?£'I4 jl (g ( = # yh^7«) S8# EI <£>— ^jT-fe5 0 



WO 2005/088791 



11 



PCT/JP2005/004556 



•tmxhz> 0 
mi-mx*hz> 0 

[oo34] ^r,mm^mvx^mmcomm^m\m^m^~^-D^xwim-r^ 0 
coo35] mm^mm(Dmimmmmim^m^-^(D±^m^mi-mnm. 

^2i^^mm(Dmimmmmizm^m^-^<D-nm^WTmmxh^ 0 
[0036] Bifc^-r ^mm^mimmmmim^m^-^m, n^inpa^ 

Z*mftmm2<D±^ nMlnGaAsP^&3nM^;yKe3, InGaAsP^^^^m 
lOSCH (Separate Confinement Heterostructure:3t^iAtf 3t) InGa 
AsP^^^^ttji5anGaAsP^^^^2(DSCHe6^j||l #{ ^ S$tlTV , 5o 
[0037] BUfc*5WT\ nS^jxK«3, J&10SCHJI4, ^(4® 5 , *2©SCH»6»±p«* 
^^^ttT^t),C^^©^M^pMlnP^^^5T^ffl^®7^^nMlnP 



WO 2005/088791 



12 



PCT/JP2005/004556 



9yK«9*s^fife$tLTv^, m??ym9(o±.mz.\^ m=*>*9hmiot>m&& 

[0039] «W©»l«0»«fc««a|y»frU-1fK:*J^T, *£ttJB5*LTW:, B2fc* 

[0040] -©4»©MQW»3t**byt^M50T«^*«»l©SCH»4*«*© 
«4a, 4b, 4c, 4N*»e>ft£#JI#£5£tU IrHBK:, ^tt®5(D±{|iJ}C-fS:«-r5 
^2©SCH®6*r^(D®6a, 6b, 6c, 6Nfrbt£Z>^mmmt~fZ> 0 

[0041] IH2^i-J;5^, JSttWStfcftSWfMiSb^fflJf^^ns, nS^7yKJl3©JB 

[0042] S&l<^SCHJl4%«^-r53.ji4a, 4b, 4c, 4NOlJff*MJKH 

*veftnl, n2, n3, -, nN&ytl, t2, t3, nNiU RAHc, Jg2<DSCHJl6 
£«EH-<5#Ji6a, 6b, 6c, -, 6N©JB$f*&tW¥$$ml, n2, n3, nN, S. 
tftl, t2, t3, tNiri~5 0 

[0043] *rLT, #®$r*©*/hH#fi, TtE©**5£-?jj*i-«fc3fc:, ffiteJf 5^3i^ 
tt, InP*^*SpS!^s'KS9©ayf^^nb«tl9iS5V^ % TIBO^^^T*^-t-i5(z:|S: 
[0044] ns>nl>n2>n3>, nN>na>nb 

[0045] -f-fcfrfc, *l©SCH»4&^20SCH»6Sr«^S»»«Ji4iS:MOJffl 
[0046] ns-nl>nl-n2>n2-Ti3>, >nN-nb>nN-na 



WO 2005/088791 



13 



PCT/JP2005/004556 



[0047] 

tl=t2=t3 = , = t N 
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[0060] rtuc^ ***»«o^i»fl^^iK:*jv^ *-*-K*7T^<fco*» 

4 ft m"Cfe^f«V^^6 0 

-hfcUfcWfc, *«<Z>*9!#ett, fc^ *H#rFffiM#^ (10/692, 
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temmmomm. 5^^,14. 0 u m^it^o-ci ^rab^ m&^mfti'—r 

[0066] U&*b> £*ifc©3fcJHTW:, FifcfeWC, ^-^k^tW 

*ga S 7~14^mT-;JbHi«V^ 

[0067] H 7t±, ^IWteiSiW^^ucfev^ ra-flHMHsaftteSarts, nffiij^ 

[0068] rixfcj^tf , n«^yK«telirfafc««So. 925 /x m©«fl&©InP*?s>KJB«rJI 
V 1f ©»^i W*ten«^yK« tCttfifejR ftjflSo. 925 „ mOInGaA 

[0069] **tfc#U n«^KJltMv>5InGaAsPO«afifc»«SrO. 96 M m^rs^y 

[0070] ^{c. laat^v^^^M^^^^^^^^i^^^^^^^^^^^g^^^- 

[0071] mmutma>mmmmk\z^i-x^ ^mmmm^m^—fix^ mi 

&tfSg2©SCHjf 4, 6Zmf$.-t%&m4a, 4b, 4c, 6a, 6b, 6c&&l?*MH-* 
*ft5fflo0ft*£*s, iStt«5*»fc«.^9yKJi3, 9-.Ri5S/h*«c5J:5fcttjE 

[0072] r*Lfc«, *§«i»«©i|H»^^1fi-Ctt, *lA0«2OSCHJi4 f 6rt»C*J 
[0073] Mfcfc, *mM<D*mttfrU"? l©rt^*W<*«ftl»rt-C3fc©*»ti 



WO 2005/088791 



16 



PCT/JP2005/004556 



[0074] if l-Ctt, InGaA8P*^5nS!^KJi30|BJf 

[oo75] m**, ^mmrm(D^m^-^\x^ wt^mst. m&i**2©scHJi4 

[0076] **Jfi^ffi©2|£i»fru^-tf JSH4«5toffl^yKJf 3fc©JB$f*£ 

[0077] Jt^ttKifi, *3WW«lOiN»^^i-e«:, nffl^KJB©ttriafe«*0. 9 

[0078] **«»«|©^^^l-Cf±, *^^t|tOi«ipfc < fc 5 3t fti ^© 

[0079] ^JfeTBteo^agfl^-^i-cfi, pS!^7S'KJl90ff$SrijJJps^ J ejg 

[ooso] fc*, — -eft, ?5tt«5t»i&tf»2©scH«4 > eifcfeM^oHCiiaofli 

[0081] rtL{cPS^-f , tt05felfc»«OiN»fr^^ii:bT, H9fc*i-J:5te, JRiXt* 
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[0082] ns-nl=nl-n2=n2-n3= = , =nN-nb 
({&U nN-nb >nN-na) , 
tl<t2<t3, -, <tN 

[0083] ns-nl>nl-n2>n2-n3>, > nN-nb >nN-na, 
tl<t2<t3, —, <tN 

[0084] -^tote^^^tto^aifr^-^iorteij-c^sr^^^ftisrt 

[0085] V^noSt^llO^^^io^^v^^ inGaAsP^fcfc-Sn 

^7^K^3<^®^naf±anP^^^pM^^K^9oa^nbJ;t)i^V><75T% 

[0086] V>-fttO^^|i©^^^if l©»frte*JV^, igt£J|5£J(*l 

[0087] ^^c|lllO^-rfdlO^»^^^^lx-if l^gp©JSJf^, 

[0088] rojtiafio^^fi^ #*»J|Ltt, HlfCS%bfc**te*JV^ 
L=3mmtC^$tL5 0 
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[0089] Z.<D*m&.\s~V lfc*tf*S*ffii a , lb<Z) x ttSO-;#*HR|t(ffi£JttS0 

[0090] -® a Wf*^--!f lfc*J»t«?SttJl50«f4, 9. O^mlltm, 

[0091] ^LT, i©W^-lPlte*J»tS±»UfcJ:5*#Ji4a. 4b, 4cXlf6a, 6b, 6 
C 3, 9CDjS#f^ ns , nl, n2, n3, na, nbte, «§fifejg^ (bandgap wavelength) 

[0092] ns= 1. 2 /i m 
nl = l. 15//m 
n2=l. 08/im 
n3 = 0. 99 //m 
na=0. 97// m 
nb = 0. 925// m 

*M$tSnbf3:— m&)\Z.O. 925//m£&5 0 
[0093] -0^#^-^lte**t6±JfibfcJ:5*#»4B, 4b, 4c&t*3a, 6b, 6c 

©ff£tl, t2, t3tt, WT^J:5ra^$tt5o 
[0094] tl = 3. Onm 
t2 = 8. Onm 
t3 = 25nm 

nffl*?yK»3<B)P$tt*&7. 5/zmiLTV^^ 45c*T?*5InGaAsPSrtt. 
[0095] nS»^yK»3Ojfi^jRftna^0. 97 M m©I^ Ga^AsOfiJ-^Sln^P 

o 

[0096] *^iW»©*A^#^©iffi*^ftaft©ft|«i fc J;o 
T.&J7. 5 /j m©^#^§ tM^H/clMilna^O. 97// mOnl^yKfi 
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[0097] skt, ttmmjcmo-m&mw-rzo 

[0098] *mmwk&i-2 x io 1 Vcm 3 <Dnminp<D*mit&m2±^ ^m&m% 

tS^S(MOVPE)fetrffiV>T, gJ¥^7. 5/zm-C^M^l-«2X lO'Vcm 

[0099] MfttH^O. 99j*m, 1. 08/zm, 1. 1 5 /z m^/^K-^nGaAsP&^ft 

^25nm N 8nm, 3nm<ZW$T1f /f LT, SCH®44r^-f5 0 
[0100] ^LT, f£l<DSCHjg4<Z)Jt^ InGaAsPO#FS5a^InGaAsP<?D|*SS5bS: 

[0101] *te,Jgtt»5©Jite,|W««*Sl. 15/i m, 1. 08/zm.O. 99 M m©,^K*- 
^InGaAsP^tL^nSnm, 8nm, 25nm©j£&-<?;9fJ§LT, &2©SCHJl6&?g 

[0102] ^LT, &2©SCHJi6<ZLLK:, »M^5^7X10 17 /cm 3 t^0. 5^m 
^InPd^^5pM^75/K®9(Z)T^gP^S-r5 0 

[0103] 77^cvDmmz£<oimfcsiN x mzmomnnmmmu ^tut?* 

[0104] *^T X MfBSiN «S:««ia*^^Jc3pJffiUT, MOVPEifcKJ;^ pMlnP© 
TgBS^«7 > n®InP©±aj«i&jl8Sr|««UT, ^ffii»]&«:iSfc&^*r& % Si 

x 

[0105] ^^^^S^^^^5^7X10 1 Vcm 3 OInP^^^§pM^5/Kji9<7)±ji 
§P^2. SfcKl, ^*fi^»S5 X 10 1 Vcm^S^InGaAsP^pM^^ 

^WilO£rO. 3/imMt5, 

[0106] ^LT, pSa^^hWlO^JtffiUlpmffillSr^fifcL, ¥*#1^2©Tfl!lten* 
mi2&M&Vft^ &Z3mmtmWU flWB®mLRJ«21, ««UffifcHRffll22Sr 

[0107] Biltt, i:!2^J:5^^$nfc^#:u^ifi^m^tti^<?D^^i- 0 
[0108] Blltefewc, ^ft»f4JiC*||[«fcJ:*^fl^-.if©wtt^ u 
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[0109] W^^^-^^itL^^-^^K3fe^T^^^^^^80o/ot^5 

[ono] ifo P ^^^^ 

o 

[oin] Mm^^tc^m^-^h^mh^tc^m^m^ '&mmm<Dh 

[oii2] -t^^^^^i^iffifciA^it^o-efcs^, 0i2^i-y^« 
[oii4] MJ:5fty y 5^fit©^*^^if ©»^-et>, inpa^spa^^KJBQKistL 

[0115] MfcUfc^^'-tf-Ctt, nffl© i N»#««2±fc#Jlft»^Ufc«t : ^ 

[0116] fc*5, «HfiUfc#iN»^^1^tt, *l©SCH«4©*t^«©JB4c©J|flfiJitt 

*l«SCH«4©*fc^HW©«4c (4N) ©JBria«*IhGaA8Pd»fett*nffl 
^5/K«3^m^^S<tl9^<L-ObJ:V\ 
[0117] -j-fcfrfc, -®BBi4»!^M-tto||ifc»litcJ:*aw#u^i w , 

J:5H1, »l^SCH»4©*^ftIoS4NOJB*f45nNaSlnGaAsPd>e,*6nS!^9 
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32<Dm ffimnaX <9i>&<WLl£tS tlT\, >5 (na > nN) 0 
[0118] ^J:^^®^^^^^^^^^.^^^^ *©na^j/K«3«r, In 

[0119] £fc, ^^IHM^^-rmtD^W^^^S^^I/^if fgl<7)SCHJi40 
[0120] -OEI^^^^mo^Jfe^^s^^u^-ri-e^^ |Hl4(c^L/ci5 

ns>nl>n2>n3>, >nN>nb 
to 

na>nN 

[0121] rtbdAn^T, ^mi4ic^i-m<DmmMm\cx^m^-^i^i^ mmvtc 
vm3<Dmmmna£vhi&<mmztix^z(na>nN)&m^ ^i©scHii4, m 

ns-nl>nl-n2>n2-n3>, >n(N-l)-nN 

[0122] #®©if[$^2^^L</j:S < fc5^ 
tl=t2=t3 = , =tN 

[0123] -*Ui, iitia&Uh|g3&;i^ 
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s-nl>nl-n2>n2-n3>, >nN-nb>nN-na)^— SfB^-f-StO^bTig 

[0124] ^^^(Dmi4\z^m<ommMmizx^m^-^i^n^mi(Dsc 

na£<9k{£<13:^$tvCV v*>V Sgl<aSCHg4&tf|g2<DSCHjf 6£«£fc 

^(ns-nl=nl-n2=n2-n3=, =nN-nb, {IUnN-nb>nN-na)St$ 
*vO^#te, **©«3fl«Jgtt»6*»e>5tv>syc#<ftaj:5ji:(ti<t2<t3. - 

^#'f4^-§P»^-f-S(ns-nl=nl-n2=n2-n3 = , =nN=nb) tO^LTfe 

[0125] ^.^mi4ic^i-m(Dmmmm^x^m^-^uzm^^mi<DscHm 

■9fcffi<&^£*LT^5V>5«j£fcJu ^l^>SCHjl4S.t) ? m20SCHji6^^-rS 
(ns-nl>nl-n2>n2-n3>, •-, >nN-nb>nN-na)^5££*i,T 

v^i*^ &m<Dm£&m&m5fabM^m*%<tez£?i l £(ti<t2<t3<, 

Jf*«rttSr-«P*^i-5(ns-nl>nl-n2>n2-n3>, >n(N-l)-nN)t><7) 

[0126] MfcUi:¥2*frU- If nffl^K»3*r«riti-*IhGaA8P©»ri« 

ft^O. 970m©#^&#Jfc£oTtfcl!JlL7trtS, &%W<D*mft^*—flT*l^ InG 
aAsPO^MiftlrO. 96-0. 98 » m©*Sffi*C5S&U ^^o®ttg5(Di|igSr7-14 

[0127] fctf, *Xn(D¥«^f lfc*JWC, InGaA8P©|a^«*S:0. 96-0. 98 
[0128] ^lSfttfgPJO^^U^ifi^^^^-^^^^^^^^^^^ 
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[0129] Hl5tefcVvt\ m-^*7T^<31l^ *AWffi31a»CAR(«IS«tt)il32 

[0130] ^W^^^^-lfl^^^m-^^K^T^Sl^^^-rS-^jtLT 
tt, Hi5te*l*Wf a W*i^-f > io-^ro*iB(Hi5-CttLRffi2i)^ 

lb©*fc***T**R0-S&*, lo, LRffi21^AfcBUlE^^U— if io 

[0131] *fc,*^PJ§<D^i|#u~iFi£^ 

®2l)^Wtt$^5i/-^cD^^ ( i: > m-**-K*7T^3l©*AltB53l 
a^T31b(D^,il^^T^5PS>9-^^ iLo, LRffi2lSr«^fl(nE^^ 

[0132] ^ci<9, ^*i^iPioSHM5d*fe^aff2iJ:5ttJlt*ixfc«W:, ^-^e^- 
[0133] ^Wj&tiJ;^ Jfc«*-K«i^fc»fi^M**it<UT^*f#^ 

-ifl^^-^K^7T^<31^^^^^^^^^-^^ STt<So 
[0134] W«bfc#aN»^— yiTfWt, JStt»5©W«R:»l ( ar«|l2©SCHJl4 

[0135] , nffl^KJi3JC45B*Wah I Ga 

, As, P)£fflV\ nS!^9yK«3©«afifcjftASrO. 96-0. ^^o^ttjf 

[0136] rttmitj, *»w©w#^-!fitej^«r, wo^*-Kt**ue#& 
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[0137] *mw<D*mft^-*f lTtt, ^Atti#teH*$n6ft*©J:5ftu- 

[0138] t^oT, EUiPJfcLfcJSH:, *&mz£tit£* M-*-b*ft7 T ^<kyt®i&-tZ> 
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[i] inPfabtezmmk, 

:3] BuiEffijfrM;^ffijtt£^ 

(Separate Confinement Heterostructurer^fcK&^jg) Mb, 
^l5^l4ji^Str|EpM^7yKSi<D^^^$^InGaAsP^^^5^20SCH 

6] tu!5^l4Jl^^^5ful51S^:(DP«jiojS^^nsib, 

^^HK^fc^tL^nl, n2, n3, nN&tRl, t2, t3, tNtU 
XfclbmKttWetinl, n2, n3, nN^mi, t2, t3, -, tNfcUfcfcfc, ffi 
tl=t2=t3 = , =tN 
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ns>nl>n2>n3>, >nN>na>nb 

ns-nl>nl-n2>n2-n3>, >nN-nb>nN-na 

Ufrbimm^fo^tmi, n2, n3, -, nNRtftl, t2, t3, tNbU 
jjfrhimmz^tV^tlnl, n2, n3, nN&tftl, t2, t3, tNibfc^ iff 

ns>nl>n2>n3>, >nN>na>nb 

ns-nl=nl-n2=n2— n3 = , =nN-nb 
M&U nN-nb>nN-na) 

tl<t2<t3<, <tN 

8] M^'&MKtetf&mmmm&mmm^m&Tm&nsbu 
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jjfrbm&tttvetinl, n2, n3, -, nNX^tl, t2, t3, tNtU 
jffrbmm^ti^tim^ n2% n3, nNXtftl, t2, t3, tN£Lfc£#, hu 

ns>nl>n2>n3>, nN>na>nb 

ns-nl>nl-n2>n2-n3>, >nN-nb>nN-na 
tl<t2<t3<, <tN 

m^frbmmzZtl^tlnl, n2, n3, nRRtftl, t2, t3, -, tNtU 
^^Wl^^^^ttnl, n2, n3, nN&t/tl, t2, t3, tN£Lfc£#, #u 
tl=t2 = t3 = , = t N 

ns>nl>n2>n3>, >nN>nb 
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na>nN 

ns-nl>nl-n2>n2— n3>, >n(N-l)-nN 

^^^(bmmc^^tlnl, n2, n3, nN^mi, t2, t3, tN<bU 
jjfrhMUklZ^ti^tinl, n2, n3, nNRmi, t2, t3, tN^Lfc^ M 

ns>nl>n2>n3>, — , >nN>nb 
na>nN 

ns-nl =nl— n2=n2-n3 = , =nN-nb 

^mm^n^tix^^tmc 

tl<t2<t3<, — , <tN 

^mmim^tix^^t^^tir^m>km5izmm(D^m^--f 0 
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m^fabimmzZIVetlnl, n2, n3, nN&tftl, t2, t3, tN£U 
J?i»bmi\ZLZti?tial % n2 s n3, nHRtftl, t2, t3, tNi:Ufc£*, 

ns>nl>n2>n3>, — , nN>nb 
na>nN 

ns-nl>nl-n2>n2-n3>, >n(N-l)-nN 

tl<t2<t3<, — , <tN 

[12] ^**^-^W«3i^«StUT»fite*t-a S5r **^*«»**4fc 
[13] SWBnS^9yK», BUlS^l^SCHji, B&fBi&ttg, jtrflEI^SCHJi&tm 
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[is] ^^^^nmx'h^,mt&pm^ymi^m<Dm^^m^±m 
oo. 98 m m&Tx*&zzt*wwLk-fzm$:mi ^tm<D^m^—f 0 

[17] tulBn^7^K®^«^1-§InGaAsPO|a^&S^^ 0 . 96 » m^iiT loO. 9 

[is] Mta^^^s^^sn^-cfc^i.^^ mmrm^yYmtm^m^m(DT^\z.r^ 
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